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Introduction
Academic doping-the consumption of stimulants, energy drinks, and other commercial products that are advertised as cognitive enhancers-has become very popular in recent years (1) (2) (3) (4) .
However, research investigating the impact of prescription stimulants (4) and energy drinks (5, 6) on cognitive performance and alertness, and their psychophysiological mechanisms, has been mostly inconclusive.
The goal of this paper is to improve our understanding of whether-and if yes, how-popular commercial cognitive enhancers (i.e., energy drinks, or EnD) affect cognitive performance.
Previous studies have shown that the sugar in unlabeled EnD can improve some measures of cognitive and physical performance (5, 6) . However, because the drinks in these studies were administered without a label, these studies cannot disentangle to what extent mere expectations about the effects of consuming a drink labeled as EnD influence cognitive performance. This is important given the distinct taste and color of the EnD that was used in all of these studies and that thus might have revealed the experimental condition to the participants.
Interestingly, researchers have speculated that some of the effects of EnD on cognitive performance may indeed be driven by marketing-led expectancies about their effects, rather than by the effects of their actual ingredients (7, 8) . Advertising for Red Bull ® , for example, claims that it "improves performance and concentration, so you can tackle everything from physics to workouts." Against this background, our first hypothesis was that the label of the drink (i.e., whether people think they consume and EnD vs. not) would increase cognitive performance.
Second, if this holds, we aimed at investigating how such positive expectancies, associated to an EnD label, would increase cognitive performance. Based on the vast interdisciplinary literature on expectancy-based placebo effects across domains (9), we focused on the role of motivation.
Evidence from functional magnetic resonance imaging (10, 11) , patient (12) (13) (14) (15) and animal (16) studies showed that across domains positive expectancies linked to the administration of a sham treatment can trigger activity in dopaminergic pathways and their targets -the ventral striatum and the ventromedial prefrontal (18) . These brain systems have been linked to incentive motivation (19) -a term from behavioral neuroscience that designates the ability to allocate effort according to the magnitude of incentives (20) . However, the role of motivation for placebo effects has never been directly tested in past studies. Building on this convergence, we hypothesized that positive expectancies linked to thinking that one consumes an EnD (i.e., linked
to an EnD label) should enhance incentive motivation and through it better cognitive performance when incentives to perform are high versus when they are low.
To test these hypotheses we dissociated the role of expectancies linked to drinking an EnD from those of its ingredients by using a balanced between-participants placebo design, which has not been done previously. In other words, we varied not only the actual drink consumed (EnD vs.
placebo, a soda of similar flavor and color) but also what participants thought they consumed (EnD label vs. soda label). Participants performed a numerical Stroop task, that offered different levels of incentives to perform well, and has previously been shown to depend upon the activation of the ventral striatum (17) . In addition, after training on the task and on the first trial they indicated how well they expected to perform on the task. This measure of anticipated performance allowed us to infer how participant's expectancies varied as a function of label and drink. Taken together our design and behavioral task assessed the relative effects of label and drink on (1) cognitive performance (i.e. effort), (2) effort allocation according to the magnitude of incentives (i.e. incentive motivation), and (3) performance expectancy (i.e. anticipated performance).
Results

Effects of actual and believed consumption on incentive motivation.
In line with our hypothesis, we found a significant main effect of EnD label on cognitive performance (ß = 0.21, SE = 0. Table 1 ): As shown in Figure 1a , participants who consumed a drink labeled as an EnD showed an enhanced sensitivity to incentives. Regardless of what they had actually consumed, participants assigned to the EnD-label groups allocated their cognitive performance according to the magnitude of incentives. This enhanced incentive motivation implied that labeling the drink as an EnD facilitated cognitive performances only in trials with high incentives at stake.
In addition, we applied Bayesian statistics to test the robustness of the effect of label on incentive motivation versus the null effect of drink consumed (21, 22) . As shown in Figure 1b Further exploration of the data revealed that the trending difference in anticipated performance between the EnD and Soda label group was driven by a significant difference between participants, who consumed soda in a EnD can (i.e., the placebo group) and participants, who 
Discussion
We investigated whether and why both actual and believed consumption of energy drinks improve cognitive performance. Our findings provide first behavioral evidence that motivational processes play a key role in placebo effects of EnD labels on performance.
Interestingly, our credible null effect of the actual drink consumed seems to be contrary to previous findings that investigated the role of EnD's content on mental and physical performance (23, 24) . Our study differs from previous work in that both the EnD and the soda contained similar amounts of sugar (Sprite: 7 g per 100 ml; Red Bull: 11 g). Our setting therefore matches what happens when people choose an energy drink rather than a soda in the hope that it will enhance their cognitive performance.
In comparison to prior work on incentive motivation for motor effort (17, 20) , we observed no effects of incentives on performance in participants assigned to the soda-label groups. We cannot disentangle whether these null effects were driven by the enhanced motivation in the EnD-label groups, a decrease in motivation in the control groups, or both. Future studies measuring baseline incentive motivation prior to group assignments are needed to address this issue.
More broadly, our findings extend the previous literature on expectancy-based placebo effects in important ways. Previous studies could link dopamine functioning and reward-related behavior to placebo effects, suggesting that the activation of dopamine pathways and supposedly linked motivational processes might be the common mechanism that implements placebo effects across domains (18) . Here, we provide behavioral evidence for the importance of such motivational processes for placebo effects on cognitive performance and predict that motivation might play a similarly important role for expectancy effects in other domains. We call for future neuroscientific work to causally establish the link between expectancy, motivation, and activation of dopaminergic pathways as a common mechanism underlying expectancy-based placebo effects. In turn, if motivation indeed plays an important role more generally for expectancy-based placebo effects, this could be an important insight for clinical placebo studies and, for example, shed light on new ways to improve patient well-being through motivational placebo interventions instead of mere pharmacological ones.
Material and Methods
Participants and experimental procedure
To test our hypotheses, we applied a 2 (drink: Red Bull Silver Edition Lime ® EnD or Sprite ® soda) x 2 (label: "Red Bull Silver Edition Lime" or "Sprite") between-participants design:
Participants were randomly assigned to one of four experimental groups (see Figure 1a ): a placebo group (i.e., they drank soda labeled as EnD), an open EnD group (i.e., they drank an EnD labeled as EnD), a hidden EnD group (i.e., they drank an EnD labeled as soda), and a control group (i.e., they drank soda labeled as soda). This design allowed us to systematically disentangle the effects of expectations about consuming an EnD from the effects of actually consuming it.
The placebo and open EnD groups were told that they were part of a test group for investigating the effects of an EnD on various cognitive performance tasks. The hidden EnD and control group were told that they were included in a control group for comparison to a group that had received an EnD.
The study was approved by INSEAD's institutional review board. All participants gave written and informed consent. Eighty-eight French college students (37 males, mean age 23.6 ± 2.6 years, 22 per group) were recruited via public advertisement. They were screened for normal to corrected-to-normal vision, no history of substance abuse, any neurological or psychiatric disorder, and any medication..During the recruitment, participants were told that the study aimed to test the effects of EnDs on cognitive performance.
All A poster highlighting the benefits of the ingredients of the EnD for mental performance was displayed in the room for all four groups; the attention of the participants assigned to the placebo and open EnD groups was drawn to this poster (see SI Figure 3 for the detailed instructions, adapted from (25)). For these groups, the experimenter further highlighted that the ingredients of one can of the EnD (80 mg of caffeine, 25.5 g of sugar, and taurine) begin to stimulate the nervous system and accelerate the heart rate about 10 minutes after ingestion in order to energize mental performance. After administration, participants were accompanied to an isolated test booth to perform the various cognitive tasks. During the 10 minutes of waiting time, participants received instructions and went through several practice trials for the main task, described below.
Participants were told that they would undertake two different cognitive tasks similar to graduate exams in finance and accounting. The first task was our main task of interest; it tested whether beliefs about the drink that participants consumed affected their performance and whether these effects would be amplified by different monetary incentives at stake on a trial-by-trial basis. The second task was, in line with our cover story, similar to graduate exams in finance and accounting (see supplements for a more detailed description). Participants were compensated €12 for their participation and received an additional bonus based on their performance in the first task.
Numerical Stroop task
The main task consisted of a modified version of a previously used numerical Stroop task (17) that allowed us to sample (1) participants' cognitive performance and (2) how monetary incentives affected their cognitive performance (i.e., incentive motivation) (20, 26) in a withinparticipant and repeated-measure design. More specifically, the task goal involved earning as much points as possible by detecting the numerically greater figure within figure pairs that differed in their physical and numerical size. Importantly, the amount of points to earn according to their performance on a given trial could vary between 1, 5, or 10 points. The points were translated into a monetary payoff at the end of the experiment. We used this task because in addition to being a reliable task to measure cognitive performance and incentive motivation, it has also been shown to engage the dopaminergic system (17, 20, 27) . This is important given that our hypothesis about the role of motivation for placebo effects stems from findings about the role of the dopaminergic system to mediate placebo effects (11, 13, 14, 18) .
The task was set up as follows (see Figure 1b ): Participants were first asked to indicate their anticipated performance on the upcoming trials. We asked this question to measure their expectancy about the efficacy of the drink they thought they had consumed. Participants saw a graduated line representing a ladder with 10 steps, one for each figure pair, and were asked to move the cursor onto the step they expected to reach in the upcoming trials. Because participants underwent a brief training phase on this task during the waiting time for the EnD to be "active,"
they were able to form expectancies about their upcoming performance. Participants also had to indicate their anticipated performance every sixth trial, for a total of 12 measures. Note that only the first response was used as a measure of the strength of participants' expectancies about the efficacy of the drink they had consumed. The later responses were affected by their actual performance on prior trials and thus were used as an additional measure of participants' confidence reported in the supplements.
Subsequently, the amount of points to be earned (1, 5, or 10) was displayed in a yellow circle for 500 ms. After the point display, the same ladder used during the anticipated performance rating appeared on the right side, next to the points to earn, for a response period of 3,500 ms. Each of the 10 steps of the ladder corresponded to a fraction (10%) of the points at stake. The goal in each trial was to earn as many points as possible-that is, to move the cursor as high as possible on the ladder. To climb up one step of the ladder, participants had to indicate on which side the numerically greater figure was shown by pressing the left or right keyboard button. A white box highlighted the pair of figures to be considered. If the correct button was pressed, the white cursor moved one step up, indicating that 10% of the points at stake were earned and highlighting the next figure pair to consider. If the incorrect button was pressed, the cursor could not be moved for 1 second of the response period (3,500 ms).
Importantly, the figures varied in both numerical (between 0 and 9) and physical size (between two possible fonts). 1 In some pairs, the numerically greater figure was also physically greater (i.e., congruent pairs), whereas in other pairs it was smaller (i.e., incongruent pairs). Incongruent pairs are known to generate a Stroop effect that requires more mental effort to inhibit interference from the irrelevant information (i.e., font size). Half of the trials consisted of a 50% mix of congruent and incongruent pairs (i.e., difficult trials), whereas the other half consisted of congruent pairs only (i.e., easy trials) to vary cognitive demand (i.e., difficulty). At the end of the response window, the cumulative total of points earned was displayed to give feedback to the participants. The feedback was shown for random time intervals (3,000 ms + 100 to 1,000 ms) in order to keep participants' attention.
In all, we applied a 2 (difficulty: 100% and 50% congruent pairs) x 3 (number of points: 1, 5, and 10) factorial within-participant task design. Each condition was repeated 12 times, randomly distributed over a series of 72 trials with a total task duration of about 10 minutes.
Statistical analysis approach
All statistical tests were conducted with the Statistics and Machine Learning Toolbox (MATLAB 2015a, from MathWorks). A linear mixed effects model (lme) using the fitlme function in MATLAB was conducted for cognitive performance (i.e., percentage of the number of steps climbed up the ladder on each trial) as dependent variable, with fixed effects for label (coded 1 for Sprite, 2 for Red Bull), drink (coded 1 for Sprite, 2 for Red Bull), trial number (coded 1 to 72, to correct for possible learning effects), incentives (points to earn, coded 1, 2, or 3), difficulty (coded 1 for easy, 2 for difficult), and all possible two-way interactions. The model also included 1 The difference in physical size (i.e., font size) was the same for all pairs, but the numerical difference varied from 1 to 5 (with two pairs of each in all trials). New number pairs were presented in each trial so that participants could not anticipate them.
three uncorrelated random effects. We nested the intercept and incentives by participants (coded 1 to 88), to assess whether performance and incentive motivation varied between participants.
The third random effect included the intercept nested by label (coded 1 for Sprite, 2 for Red Bull) in order to assess effects of label on performance intercept irrespective of the fixed effects. All regressors were z-scored. Results are reported in Table 1 . A similar analysis was performed for mean reaction times (see SI Table 1 ).
In addition we used a Bayesian approach to estimate posterior distributions of parameters describing tendencies in the comparison of incentive motivation in the EnD versus Soda label;
and EnD versus Soda drink groups (22) (28). This analysis was conducted using the Matlab 
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A can of Red Bull contains natural and healthy ingredients like taurine, vitamin B and caffeine. Taurine is a natural substance produced by the body under stress, and mental or physical effort.
A scientific study from 2001 published in the European journal Amino Acids has found that 10 minutes after consumption of Red Bull, taurine and caffeine peak in your blood stream. Your cardiac rhythm gets faster, your blood pressure increases, and you feel awake as the stimulant kicks in.
Moreover, caffeine is an ergogenic substance-it increases performance and wakefulness-via stimulation of the central nervous system. This is beneficial for mental effort during exams. 
